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PROBLEM TO BE SOLVED: To suppress the alignment defect of liquid 
crystals. 

SOLUTION: The upper part of a thin-film transistor 2. gate wiring 4 and 
source wiring 7 is provided with a first planarization layer 10 and the surface 
of the first lanarization layer 10 is provided with a first pixel electrode 12. A 
second planarization layer 1 1 is disposed on a contact connecting a drain 
region and the first pixel electrode 12 and a second pixel electrode 13 is 
disposed on the first pixel electrode 12 and the second planarization layer 
11. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The gate electrode equipped with two or more thin film transistors arranged in the shape of a 
matrix by which said thin film transistor was connected to gate wiring, It is the active matrix liquid 
crystal display which has the source field connected to source wiring, and the drain field connected to 
the pixel electrode. The 1st flattening layer is prepared in the upper part of said thin film transistor, said 
gate wiring, and said source wiring. The 1st pixel electrode is prepared on said 1st flattening layer, and 
the 2nd flattening layer is prepared on the contact which connects said drain field and said 1st pixel 
electrode. The active matrix liquid crystal display characterized by preparing the 2nd pixel electrode on 
said 1 St pixel electrode and said 2nd flattening layer. 

[Claim 2] The active matrix liquid crystal display according to claim 1 to which is further equipped with 
the connection electrode which connects said the 1st pixel electrode and said drain field, and said 
connection electrode and said 1st pixel electrode are connected through the contact hole which 
penetrates said 1 st flattening layer. 

[Claim 3] The active matrix liquid crystal display according to claim 2 with which said all or some of 
connection electrodes were prepared in the same layer as said source wiring. 

[Claim 4] The active matrix liquid crystal display according to claim 2 further equipped with the silicide 
compound layer or metal nitride layer which connects said the 1 st pixel electrode and said connection 
electrode. 

[Claim 5] The active matrix liquid crystal display according to claim 4 with which it had consistency on 
the boundary of the said 1 st or 2nd pixel electrode arranged in the shape of a matrix, the black matrix 
was formed in one, and said a part of black matrix was formed of said silicide compound layer or the 
metal nitride layer. 

[Claim 6] The active matrix liquid crystal display according to claim 5 with which said black matrix 
serves as said source wiring. 

[Claim 7] The active matrix liquid crystal display according to claim 1 of said 1st and 2nd pixel 
electrodes prepared on said 1 st and 2nd flattening layers, and said gate wiring and said source wiring 
with which either was prepared crosswise [ wiring ] in piles at least. 

[Claim 8] The active matrix liquid crystal display according to claim 1 with which said 1st and 2nd 
flattening layers consist of organic film. 

[Claim 9] The active matrix liquid crystal display according to claim 8 with which said organic film 
consists of positive type photosensitivity acrylic resin. 

[Claim 10] The active matrix liquid crystal display according to claim 1 which consists of resin with 
which decolorization processing optical [ said 1st and 2nd flattening layers ] or chemical was performed. 
[Claim 1 1] While forming two or more thin film transistors in the shape of a matrix on a substrate The 
source wiring connected with gate wiring connected to the gate electrode of said thin film transistor to 
the source field of said thin film transistor is formed so that it may cross mutually. And the process 
which forms the contact connected to the drain field of said thin film transistor. After forming the 
organic film in the upper part of said thin film transistor, said gate wiring, said source wiring, and said 
contact with a spin coating method, while carrying out patterning of said organic film to it and forming 
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the 1st flattening layer in it The process which fornfis the contact hole which is made to penetrate said 
1st flattening layer and reaches said contact. The process which forms the 1st pixel electrode layer on 
said 1st flattening layer and in said contact hole. The process which carries out patterning of said 
organic flim, and forms the 2nd flattening layer in said contact hole after forming the organic film with a 
spin coating method on said 1st pixel electrode layer. The manufacture approach of the active matrix 
liquid crystal display equipped with the process which forms the 2nd pixel electrode layer on said 1st 
pixel electrode layer and said 2nd flattening layer, and the process which carries out patterning of said 

I st and 2nd pixel electrode layers to a predetermined configuration, and forms a pixel electrode. 
[Claim 12] The manufacture approach of the active matrix liquid crystal display according to claim 11 
which forms said 1st and 2nd pixel electrode layers so that the edge may lap either and crosswise 

[ wiring ] at least among said gate wiring and said source wiring. 

[Claim 13] It is the manufacture approach of the active matrix liquid crystal display according to claim 

I I which said organic film consists of positive type photosensitivity acrylic resin, and is formed when 
said the 1 st and 2nd flattening layers and said contact holes expose and develop said positive type 
photosensitivity acrylic resin. 

[Claim 14] The manufacture approach of the active matrix liquid crystal display according to claim 13 

further equipped with the whole substrate surface or said process exposed all over a pixel electrode at 

least after exposing and developing said positive type photosensitivity acrylic resin. 

[Claim 15] The manufacture approach of the active matrix liquid crystal display according to claim 14 

which keeps the temperature of said positive type photosensitivity acrylic resin at 100 degrees C or less 

at least until said whole substrate surface or said process exposed all over a pixel electrode is 

completed after exposing and developing said positive type photosensitivity acrylic resin. 

[Claim 16] The manufacture approach of the active matrix liquid crystal display according to claim 13 

which forms said 1 st and 2nd flattening layers when the concentration carries out paddle development 

of said positive type photosensitivity acrylic resin with a 0.1 to 0.5-mol% tetramethylammonium 

hydronalium oxide developer. 

[Claim 1 7] The manufacture approach of an active matrix liquid crystal display according to claim 1 1 
that the thickness of said 1st flattening layer is 1.0 micrometers or more. 

[Claim 18] The manufacture approach of the active matrix liquid crystal display according to claim 11 
further equipped with the process which applies hexamethyldisilazane to the part in which said organic 
film is formed before forming said organic film. 

[Claim 19] The manufacture approach of the active matrix liquid crystal display according to claim 11 
further equipped with the process which performs Ar reverse spatter processing by RF (RF) to the front 
face of the 1st flattening layer which consists of said organic film before forming said 1st pixel electrode 
layer. 

[Claim 20} The manufacture approach of the active matrix liquid crystal display according to claim 19 
performed after said Ar reverse spatter processing forms said contact hole in the 1 st flattening layer 
which consists of said organic film. 

[Claim 21] The manufacture approach of the active matrix liquid crystal display according to claim 19 
further equipped with the process which heats said organic film at 1 10 degrees C - 240 degrees C 
before performing said Ar reverse spatter processing. 

[Claim 22] The manufacture approach of an active matrix liquid crystal display according to claim 1 1 of 

removing said 1st said pixel inter-electrode flattening layer by the thickness of 5-100nm. 

[Claim 23] The manufacture approach of an active matrix liquid crystal display according to claim 22 

that plasma etching using the oxygen plasma performs removal of said 1st flattening layer. 

[Claim 24] The manufacture approach of the active matrix liquid crystal display according to claim 1 1 

further equipped with the process which exposes said contact outside before forming said organic film. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the flattening technique of a active-matrix substrate in 
which the pixel electrode and the thin film transistor (TFT) for switching were formed especially 
cumulatively, about an active matrix liquid crystal indicating equipment and its manufacture approach. 
[0002] 

[Description of the Prior Art] Drawing 7 is the outline sectional view showing the general structure of 
the active matrix liquid crystal display in the conventional technique. As shown in drawing 7 , two or 
more thin film transistors (TFT) 32 are formed in the front face of an insulating substrate 31 in the 
shape of a matrix. The thin film transistor 32 uses the semi-conductor thin film 44 by which patterning 
was carried out to the shape of an island as a component field. On the semi-conductor thin film 44, 
through much more gate dielectric film, the gate wiring 43 carries out patterning and is formed. Source 
wiring 34 is electrically connected to the source field of a thin film transistor 32 through the 1st 
interlayer insulation film 33. Moreover, the pixel electrode 36 is electrically connected to the drain field 
of a thin film transistor 32 through the 1 st interlayer insulation film 33 and 2nd interlayer insulation film 
35. Thus, the insulating substrate 31 of the bottom in which the thin film transistor 32 and the pixel 
electrode 36 were formed cumulatively is called "active-matrix substrate 45" below. The front face of 
the 2nd interlayer insulation film 35 and the pixel electrode 36 is covered with the orientation film 37. 
Predetermined spacing is set in the opposite location of the active-matrix substrate 45, and the 
opposite substrate 38 is arranged. The black matrix (protection-from-light layer) 39. a counterelectrode 
40, and the orientation film 41 are formed in the internal surface of the opposite substrate 38. Between 
the active-matrix substrate 45 and the opposite substrate 38, the liquid crystal 42 by which orientation 
control was carried out with the orientation film 37 and 41 is poured in. 

[0003] In the above-mentioned active matrix liquid crystal indicating equipment, if a picture signal is 
supplied through source wiring 34 where a selection signal is impressed to the gate wiring 43 of a thin 
film transistor 32, a predetermined signal level will be written in the pixel electrode 36, and the molecular 
arrangement of liquid crystal 42 will change with the electrical potential differences produced between 
the pixel electrode 36 and the counterelectrode 40. Thereby, image display is performed. 
[0004] 

[Problem(s) to be Solved by the Invention] In the conventional active matrix liquid crystal indicating 
equipment shown in drawing 7 , a thin film transistor 32, the gate wiring 43, source wiring 34, etc. are 
cumulatively formed in the active-matrix substrate 45, and the front face contains irregularity and a 
level difference with it. [ intense boom hoisting and ] [ countless ] For this reason, orientation control of 
liquid crystal 42 becomes difficult, and there is a problem that uniform image display cannot be obtained. 
The reverse tilt domain which turbulence and a pre tilt angle reversed [ the orientation of liquid crystal ] 
in the level difference part of the edge of the pixel electrode 36 especially occurs, and display grace is 
spoiled remarkably. In addition, with the conventional structure, there is a problem that it is influenced of 
the irregularity of the front face of the active-matrix substrate 45, the direction of the electric field 
impressed to liquid crystal 42 becomes uneven, and uniform permeability control becomes difficult. 
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Moreover, although an orientation condition changes and ON / off control is performed by the electric 
field by which liquid crystal 42 is impressed between the pixel electrode 36 and a counterelectrode 40. it 
will be influenced of the electric field of the source wiring 34 around the pixel electrode 36, or the 
longitudinal direction of gate wiring 43 grade, this will act in multiplication with turbulence of a pre tilt 
angle, and normal actuation will be disturbed. 

[0005] While it is made in order to solve said technical problem in the conventional technique, and being 
able to aim at control of the poor orientation of liquid crystal, and improvement in the numerical 
aperture of a liquid crystal display, a production process can be simplified, and the adhesion of a 
flattening layer and a pixel electrode is also good, and, as for this invention, also makes electric 
connection between a source field and a pixel electrode at offering a good active matrix liquid crystal 
display and its manufacture approach. 
[0006] 

[Means for Solving the Problem] In order to attain said purpose, the configuration of the active matrix 
liquid crystal display concerning this invention The gate electrode equipped with two or more thin film 
transistors arranged in the shape of a matrix by which said thin film transistor was connected to gate 
wiring, It is the active matrix liquid crystal display which has the source field connected to source wiring, 
and the drain field connected to the pixel electrode. The 1st flattening layer is prepared in the upper 
part of said thin film transistor, said gate wiring, and said source wiring. It is characterized by preparing 
the 1st pixel electrode on said 1st flattening layer, preparing the 2nd flattening layer on the contact 
which connects said drain field and said 1st pixel electrode, and preparing the 2nd pixel electrode on 
said 1 st pixel electrode and said 2nd flattening layer. According to the configuration of this active matrix 
liquid crystal display, flattening of the pixel electrode top can be carried out completely. Consequently, 
since the orientation of the liquid crystal on a pixel electrode is not in disorder with a level difference, 
liquid crystal can be controlled to stability and an image can be reproduced correctly. 
[0007] Moreover, in the configuration of the active matrix liquid crystal display of said this invention, it is 
desirable that have further the connection electrode which connects said the 1 st pixel electrode and 
said drain field, and said connection electrode and said 1 st pixel electrode are connected through the 
contact hole which penetrates said 1st flattening layer. According to this desirable example, it can 
become possible to connect the 1 st pixel electrode and drain field easily with a connection electrode, 
and electric resistance can be stabilized. Consequently, since the liquid crystal on a pixel electrode is 
electrically controllable to stability, an image is correctly reproducible. Moreover, it is desirable that said 
all or some of connection electrodes are prepared in the same layer as said source wiring in this case. 
Since a connection electrode can be formed in the same process as source wiring by using the same 
ingredient as source wiring for a connection electrode according to this desirable example, the formation 
process of a connection electrode can be skipped. Moreover, it is desirable to have further the silicide 
compound layer or metal nitride layer which connects said the 1st pixel electrode and said connection 
electrode in this case. According to this desirable example, the contact property of a pixel electrode 
improves. Consequently, since the liquid crystal on a pixel electrode is electrically controllable to 
stability, an image is correctly reproducible. In this case, it is desirable that have consistency further on 
the boundary of the said 1st or 2nd pixel electrode arranged in the shape of a matrix, a black matrix is 
formed in one, and said a part of black matrix is formed of said silicide compound layer or the metal 
nitride layer. According to this desirable example, the black matrix by the side of an opposite substrate 
is omissible. Moreover, the formation precision of a black matrix can be raised from a mechanical 
doubling precision of a active-matrix substrate and an opposite substrate to the precision of the 
lithography of a semi-conductor process. Furthermore, it is desirable that said black matrix serves as 
said source wiring. According to this desirable example, turbulence of orientation can be shaded by using 
the electrical conducting material which has protection-fromHight nature as an ingredient of source 
wiring. Consequently, improvement in a numerical aperture can also be aimed at with improvement in 
display grace, without newly preparing a light-shielding film. 
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[0008] Moreover, in the configuration of the active matrix liquid crystal display of said this invention, it is 
desirable that either is prepared crosswise [ wiring ] in piles at least of said 1st and 2nd pixel electrodes 
prepared on said 1st and 2nd flattening layers, and said gate wiring and said source wiring. While 
becoming possible to raise a numerical aperture according to this desirable example, horizontal electric 
field can be prevented. Consequently, since the liquid crystal on a pixel electrode is controllable by 
vertical electric field to stability, it becomes possible to control the poor orientation of liquid crystal, and 
an image can be reproduced correctly. 

[0009] Moreover, in the configuration of the active matrix liquid crystal display of said this invention, it is 
desirable that said 1st and 2nd flattening layers consist of organic film: Moreover, it is desirable that said 
organic film consists of positive type photosensitivity acrylic resin in this case. According to this 
desirable example, positive type photosensitivity acrylic resin can be applied with a spin coating method, 
patterning can be carried out by exposure and alkali development, and the flattening layer of the 
thickness of several micrometers can be obtained easily. Consequently, compared with the case where 
the inorganic film is used, productivity is good and can carry out flattening of the pixel electrode top 
completely by low cost. 

[0010] Moreover, in the configuration of the active matrix liquid crystal display of said this invention, it is 
desirable to consist of resin with which decolorization processing optical [ said 1st and 2nd flattening 
layers ] or chemical was performed. According to this desirable example, an active matrix liquid crystal 
display with high transmission is realizable. 

[0011] Moreover, the manufacture approach of the active matrix liquid crystal display concerning this 
invention While forming two or more thin film transistors in the shape of a matrix on a substrate The 
source wiring connected with gate wiring connected to the gate electrode of said thin film transistor to 
the source field of said thin film transistor is formed so that it may cross mutually. And the process 
which forms the contact connected to the drain field of said thin film transistor, After forming the 
organic film in the upper part of said thin film transistor, said gate wiring, said source wiring, and said 
contact with a spin coating method, while carrying out patterning of said organic film to it and forming 
the 1st fiattening layer in it The process which forms the contact hole which is made to penetrate said 
1 St flattening layer and reaches said contact. The process which forms the 1 st pixel electrode layer on 
said 1st flattening layer and in said contact hole. The process which carries out patterning of said 
organic film, and forms the 2nd flattening layer in said contact hole after forming the organic film with a 
spin coating method on said 1st pixel electrode layer, It is characterized by having the process which 
forms the 2nd pixel electrode layer on said 1st pixel electrode layer and said 2nd flattening layer, and 
the process which carries out patterning of said 1st and 2nd pixel electrode layers to a predetermined 
configuration, and forms a pixel electrode. According to the manufacture approach of this active matrix 
liquid crystal display, flattening with comparatively thick thickness becomes possible with the organic 
film, and flattening of the pixel electrode top can be carried out completely. Consequently, while being 
able to prevent the open circuit by the side of the drain of the pixel electrode which had happened in 
the level difference section by the lower layer wiring etc.. the poor orientation by the level difference 
can also be prevented. Moreover, since between source wiring and pixel electrodes is insulated and the 
defective picture element by source wiring, the pixel electrode, and electric leak of a between decreases 
extremely, while improvement in a manufacture yield is attained, reduction of a manufacturing cost is 
attained. 

[0012] Moreover, in the manufacture approach of the active matrix liquid crystal display of said this 
invention, it is desirable to form said 1 st and 2nd pixel electrode layers so that the edge may lap either 
and crosswise [ wiring ] at least among said gate wiring and said source wiring. 

[001 3] Moreover, in the manufacture approach of the active matrix liquid crystal indicating equipment of 
said this invention, said organic film consists of positive type photosensitivity acrylic resin, and. as for 
said the 1st and 2nd flattening layers and said contact holes, it is desirable to be formed by exposing 
and developing said positive type photosensitivity acrylic resin. According to this desirable example, 
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membrane formation by CVD required in order to form a flattening layer using the inorganic film etc., the 
pattern formation process by the photoresist, etching, resist exfoliation, and a washing process are not 
needed, but it becomes possible to form a flattening layer only according to spreading of photosensitive 
acrylic resin, exposure, and a development process. Therefore, shortening of a production process, 
simplification, and reduction of a manufacturing cost can be aimed at. Moreover, in this case, after 
exposing and developing said positive type photosensitivity acrylic resin, it is desirable to have further at 
least the whole substrate surface or said process exposed all over a pixel electrode. According to this 
desirable example, the unnecessary sensitization agent contained in photosensitive acrylic resin can be 
made to be able to react, and the rarefaction can be carried out. Therefore, it becomes possible to 
realize a highly transparent flattening layer In this case, at least, after exposing and developing said 
positive type photosensitivity acrylic resin, it is still more desirable to keep the temperature of said 
positive type photosensitivity acrylic resin at 100 degrees C or less until said whole substrate surface or 
said process exposed all over a pixel electrode is completed. According to this desirable example, it can 
be stabilized and the unnecessary sensitization agent contained in photosensitive acrylic resin can be 
made to react. Therefore, it becomes it is highly transparent and possible to realize the flattening layer 
by which permeability was stabilized. Moreover in this case, when that concentration carries out paddle 
development of said positive type photosensitivity acrylic resin with a 0.1 to 0.5-mol% 
tetramethylammonium hydronalium oxide developer it is desirable to form said 1 st and 2nd flattening 
layers. According to this desirable example, by exposing according to a desired pattern to photosensitive 
acrylic resin, and performing a development by the alkaline solution and tetramethylammonium 
hydronalium oxide (it being written as "TMAH" below.), the exposed part is etched with an alkaline 
solution and a contact hole etc. is formed. However when the concentration of a TMAH developer is 
more than 0.5mol%, the decrement of the thickness of the photosensitive acrylic resin of the part which 
is not exposed is large, and control of thickness becomes difficult. When the concentration of a TMAH 
developer is 2.4-mol % and high concentration, the deterioration object of photosensitive acrylic resin 
remains in the part of NUKI of development as a residue, and poor contact arises. Moreover when the 
concentration of a TMAH developer is less than [ 0.1mol% ]. it circulates through a developer and since 
fluctuation of concentration is large, with the developer of the method used repeatedly, control of 
concentration becomes difficult. On the other hand, if the concentration of a TMAH developer is set up 
to 0.1-0.5-mol%, the above problems are solved, it is stabilized and a flattening layer can be formed. 
[0014] Moreover in the manufacture approach of the active matrix liquid crystal display of said this 
invention, it is desirable that the thickness of said 1st flattening layer is 1.0 micrometers or more. 
According to this desirable example, even if it makes a pixel electrode and 1 micrometers or more of 
each wiring (gate wiring, source wiring) overlap, the capacity between each wiring and a pixel electrode 
becomes sufficiently small, and a time constant also becomes small. Therefore, the effect of the cross 
talk which a capacity component gives to a display is reduced, and a better display is obtained. 
[0015] Moreover in the manufacture approach of the active matrix liquid crystal display of said this 
invention, before forming said organic film, it is desirable to have further the process which applies 
hexamethyldisilazane to the part in which said organic film is formed. According to this desirable 
example, adhesion with the part in which the organic film and the organic film are formed improves. 
Therefore, generating of exfoliation of the organic film which can be set like a subsequent diffusion 
process and a subsequent erector can be prevented. 

[0016] Moreover in the manufacture approach of the active matrix liquid crystal display of said this 
invention, before forming said 1st pixel electrode layer it is desirable to have further the process which 
performs Ar reverse spatter processing by RF (RF) to the front face of the 1st flattening layer which 
consists of said organic film. According to this desirable example, the adhesion between the 1st 
flattening layer and the 1st pixel electrode layer formed on it improves. Therefore, a more stable device 
is realized to the processing in a liquid crystal panel assembly process, and a yield also improves. 
Moreover it is desirable that it is performed in this case after said Ar reverse spatter processing forms 
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said contact hole in the 1st flattening layer which consists of said organic film. According to this 
desirable example, the residue of the contact hole section which connects the 1st pixel electrode, drain 
field, or connection electrode is removable. Therefore, a faulty connection's generating in the contact 
hole section can be controlled. Moreover, in this case, before performing said Ar reverse spatter 
processing, it is desirable to have further the process which heats said organic film at 110 degrees C - 
240 degrees C. According to this desirable example, the organic film can be stiffened by crosslinking 
reaction- Therefore, generating of exfoliation of the organic film which can be set like a subsequent 
diffusion process and a subsequent erector can be prevented. Moreover, degradation of the organic film 
by processes, such as formation of a pixel electrode, can be controlled. 

[0017] Moreover, in the manufacture approach of the active matrix liquid crystal display of said this 
invention, it is desirable to remove said 1 st said pixel inter-electrode flattening layer by the thickness of 
5-100nm. According to this desirable example, a pixel inter-electrode insulation can be made perfect. 
Therefore, defects, such as leak between pixels, can be controlled and a yield and the engine 
performance can be stabilized. Moreover, it is desirable that plasma etching using the oxygen plasma 
performs removal of said 1st flattening layer in this case. According to this desirable example, even if it 
is the case where the front face has deteriorated and carbonized, it becomes possible to remove the 1st 
pixel inter-electrode flattening layer, for example. Therefore, regardless of the process conditions of a 
last process, defects, such as leak between pixels, can be controlled and a yield and the engine 
performance can be stabilized. 

[0018] Moreover, in the manufacture approach of the active matrix liquid crystal display of said this 
invention, before forming said organic film, it is desirable to have further the process which exposes said 
contact outside. According to this desirable example, before forming the organic film, etching of Si02 
film, the SiN film, etc. and the damage to the organic film in the resist removal process for it can be lost 
by removing inorganic substances, such as Si02 film. SiN film, etc. on the contact terminal for 
connecting with the exterior, and exposing a contact terminal. 
[0019] 

[Embodiment of the Invention] Hereafter, this invention is explained still more concretely using the 
gestalt of operation. In addition, each drawing used for the following explanation is not passed for it to 
be roughly shown in extent which can understand this invention, and be. and this invention is not limited 
only to the example shown in each drawing. 

[0020] The outline sectional view and drawing 2 which show the fundamental configuration of a active- 
matrix substrate [ in / in drawing 1 / the gestalt of 1 operation of this invention ] are the outline 
sectional view showing the fundamental configuration of the active matrix liquid crystal display in the 
gestalt of 1 operation of this invention. 

[0021] In drawing 1 , the active-matrix substrate 17 is constituted using the insulating substrate 1 which 
consists of quartz glass etc.. and where two or more thin film transistors (it is written as "TFT" below.) 
2 are arranged in the shape of a matrix, it is cumulatively formed in the front face, respectively. TFn"2 
uses the semi-conductor thin film 3 by which patterning was carried out to the shape of an island as a 
component field. That is, source field 3a and drain field 3b are prepared in the semi-conductor thin film 
3. The semi-conductor thin film 3 consists for example, of polish recon. In addition, the ingredient of the 
semi-conductor thin film 3 is not limited to polish recon, and can also use single crystal silicon and 
amorphous silicon. On the semi-conductor thin film 3, through much more gate-dielectric-film 4a. the 
gate wiring 4 carries out patterning and is formed. This gate wiring 4 consists for example, of polish 
recon. Here, some gate wiring 4 is constituted and the part which lapped with the semi-conductor thin 
film 3 serves as a "gate electrode." On the insulating substrate 1, where TFT2 is covered, the 1st 
interlayer insulation film 5 is formed. The 1 st interlayer insulation film 5 consists of a layered product of 
the glass with which nitrogen was doped, and boron and the glass with which phosphorus was doped. 
Source wiring 7 is electrically connected to source field 3a of TFT2 through the 1st contact hole 6 
established in the 1st interlayer insulation film 5. Source wiring 7 consists of aluminum and constitutes 
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picture signal Rhine and others. On the other hand, the connection electrode 16 is electrically 
connected to drain field 3b of TFT2 through the 1st contact hole 6. Thus, the connection electrode 16 
is formed in the layer as source wiring 7 with the same part. For this reason, if the same ingredient as 
source wiring 7 is used for the connection electrode 16, since the connection electrode 16 can be 
formed in the same process as source wiring 7, the formation process of the connection electrode 16 
can be skipped. In addition, you may make it prepare all of the connection electrodes 1 6 in the same 
layer as source wiring 7. 

[0022] On the 1st interlayer insulation film 5. the 2nd interlayer insulation film 8 is formed so that 
source wiring 7 may be covered. The 2nd interlayer insulation film 8 consists of silicon oxide grown up 
for example, by the plasma-QVD method. The 2nd contact hole 9 is established in the 2nd interlayer 
insulation film 8 on the connection electrode 1 6, and WSi which is a silicide compound further is formed 
in it as a barrier metal 1 4. Moreover, WSi is formed also as a protection-fromHight layer 1 5 of TFT2 on 
the 2nd interlayer insulation film 8. In addition, as an ingredient of the barrier metal 14 and the 
protection-from-light layer 1 5, it is not necessarily limited to silicide compounds, such as WSi, and a 
metal nitride etc. can also be used. 

[0023] Furthermore, on the 2nd interlayer insulation film 8, the 1st flattening layer 10 which consists of 
an organic film ingredient is formed, and the 2nd contact hole 9 is established in this 1st flattening layer 
10. And on the 1st flattening layer 10, the 1st pixel electrode 12 and the 2nd pixel electrode 13 carry 
out patterning, and are formed, and the 1 st pixel electrode 1 2 is electrically connected to drain field 3b 
of TFT2 through the barrier metal 14 and the connection electrode 16. Moreover, in the 2nd contact 
hole 9 between the 1st pixel electrode 12 and the 2nd pixel electrode 13, the 2nd flattening layer 1 1 
which consists of an organic film ingredient intervenes. As an organic film ingredient of the 1 st and 2nd 
flattening layers 10 and 11, although acrylic resin and polyimide resin can be mentioned, for example, 
suitable acrylic resin to have predetermined viscosity and bury irregularity in the gestalt of this 
operation, is used. Each 1 st pixel electrode 1 2 arranged in the shape of a matrix is electrically 
connected to drain field 3b of TFT2 which corresponds through the 2nd contact hole 9 established in 
the 2nd interlayer insulation film 8 and the 1st flattening layer 10. 

[0024] As shown in drawing 2 , the opposite substrate 21 which sets predetermined spacing in the 
opposite location of the active-matrix substrate 17, and consists of quartz glass etc. is arranged. A 
counterelectrode 23 and the orientation film 24 are formed in the internal surface of the opposite 
substrate 21 in order. Moreover, the orientation film 25 is formed also in the front face of the active- 
matrix substrate 17. And liquid crystal 42 is poured in between the active-matrix substrate 17 and the 
opposite substrate 21, and, thereby, the active matrix liquid crystal display is constituted. Orientation 
control of liquid crystal 22 is performed by the orientation film 24 and 25 of a pair, for example, twist 
pneumatic mode is obtained. 

[0025] In this active matrix liquid crystal display, since unlike the conventional structure there is no 
contact hole into a pixel electrode, the orientation film 25 has a very flat field and there is no level 
difference section, uniform rubbing processing can be performed. Therefore, uniform orientation control 
is attained over the whole screen. Moreover, since the amount of concave heights do not exist at all in a 
pixel electrode, drive control is carried out by the electric field of the perpendicularly it acts between a 
counterelectrode 23 and the 2nd pixel electrode 13. and the effect of lateral electric field of liquid 
crystal 22 is small. Consequently, degradation of the display grace by the reverse tilt domain which had 
become a problem conventionally is effectively improvable. Moreover, about the boundary part of the 
pixel electrode which adjoins mutually, it can cover partially at least by using source wiring 7 as a black 
matrix. However, about TFT2 part, this protection-from-light structure is not employable. Then, in order 
to cover TFT2 part alternatively, the protection-from-light layer 15 which consists of a silicide 
compound or a metal nitride is used. 

[0026] Next, the manufacture approach of the active-matrix substrate shown in drawing 1 is explained, 
referring to drawing 3 - drawing 5 . 
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[0027] first, the front face of the insulating substrate 1 which consists of quartz glass etc. in the 
process A of drawing 3 — reduced pressure CVD (LPCVD) — an amorphous silicon is formed by law. 
Subsequently, solid phase growth is carried out, and an amorphous silicon is large-drop-path-ized, and 
is formed into polish recon. Subsequently, patterning of this polish recon is carried out to the shape of 
an island, and a component field is formed. Thereby, the semi-conductor thin film 3 which consists of 
polish recon is obtained. Subsequently, the front face of the semi-conductor thin film 3 which consists 
of polish recon is oxidized thermally (whenever [ stoving temperature ]: 1 100 degrees C, heating time:23 
minutes). Thereby, gate oxide (gate dielectric film) 4a which consists of Si02 is obtained. In addition, 
patterning of the semi-conductor thin film 3 which consists of polish recon is carried out to coincidence, 
and it enables it to form retention volume in it. 

[0028] next, the process B of drawing 3 — setting — a gate oxide 4a top — LPCVD — polish recon is 
formed by law. And after attaining low resistanceHzation of this polish recon by the phosphorus dope, 
patterning is carried out to a predetermined configuration. Thereby, the gate wiring 4 and retention 
volume wiring 4b are obtained. Subsequently, in order that TFT2 of N channel mold may consider as 
LDD (lightly doped drain) structure It is 1x1013/cm2 of doses to the semi-conductor thin film 3 which 
consists of polish recon by using gate wiring 4 as a mask by self^alignment. Pour in phosphorus ion and 
a LDD field is masked further. It is 4x1015/cm2 of doses to the semi-conductor thin film 3. Phosphorus 
ion is poured in and source field 3a and drain field 3b are prepared in the semi-conductor thin film 3. 
[0029] Of the above process, TFT2 of two or more N channel molds is formed in the shape of a matrix 
on an insulating substrate 1. In addition, boron ion is poured in when forming TFT of a P channel mold. 
[0030] next, the 1st interlayer insulation film 5 which consists of a layered product of the glass with 
which nitrogen was doped by the front face of an insulating substrate 1 , and boron and the glass with 
which phosphorus was doped in the process C of drawing 3 — ordinary pressure CVD (APCVD) — it 
deposits by law. Subsequently, after carrying out pattern formation of the 1 st contact hole 6 to this 1 st 
interlayer insulation film 5, aluminum (aluminum) is extensively formed by sputtering. And patterning of 
this is carried out to a predetermined configuration, and it is processed into the source wiring 7 
electrically connected to source field 3a of TFT2. The connection electrode 16 is also formed in 
coincidence at this time. Here, source wiring 7 is made to intersect the gate wiring 4 mutually, and is 
formed. 

[0031] Next, in the process D of drawing 3 , on the 1st interlayer insulation film 5, silicon oxide is 
deposited by the plasma-CVD method, the 2nd interlayer insulation film 8 is formed, and the source 
wiring 7 which consists of aluminum (aluminum) is covered completely. Furthermore, the 2nd contact 
hole 9 is formed in the 2nd interlayer insulation film 8 on the connection electrode 1 6. 
[0032] Next, in the process E of drawing 3 , WSi is extensively formed by sputtering. And patterning of 
this is carried out to a predetermined configuration, and the protection-from-light layer 15 to the barrier 
metal 14 and TFT2 to the connection electrode 16 is formed. 

[0033] Next, in the process F of drawing 4 , the liquefied positive type photosensitivity acrylic resin 
(organic film) which has predetermined viscosity (viscosity: 30cp) on the 2nd interlayer insulation film 8 
is applied with a spin coating method, and flattening of the front face of the 2nd interlayer insulation film 
8 is carried out. Subsequently, positive type photosensitivity acrylic resin is exposed using i line stepper, 
concentration develops negatives by the paddle developing-negatives method using the 0.1-0.5-mol 
tetramethylammonium hydronalium oxide developer which is %, and the 2nd contact hole 9 is formed. 
Drain field 3b of TFT2 or the connection electrode 1 6 is exposed to the pars basilaris ossis occipitalis of 
this 2nd contact hole 9. subsequently, the whole substrate surface — or the whole effective pixel 
electrode field surface is exposed using ultraviolet rays at least, and the rarefaction of the positive type 
photosensitivity acrylic resin is carried out. Subsequently, it heat-treats and positive type 
photosensitivity acrylic resin is stiffened. As a heating method, either a hot plate method or a clean 
oven method may be used. In the case of a hot plate method, whenever [ stoving temperature ] is 220 
degrees C, heating time is 10 minutes, in the case of a clean oven method, whenever [ stoving 
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temperature ] is 220 degrees C. and heating time is 60 minutes. Thereby, the 1st flattening layer 10 is 
obtained. As for the thickness of the 1st flattening layer 10. it is desirable that it is 1 .0 micrometers or 
more. If the thickness of the 1st flattening layer 10 is set as 1.0 micrometers or more, even if it makes a 
pixel electrode and 1 micrometers or more of each wiring (gate wiring, source wiring) overlap, the 
capacity between each wiring and a pixel electrode will become sufficiently small, and a time constant 
will also become small. Therefore, the effect of the cross talk which a capacity component gives to a 
display is reduced, and a better display is obtained. However, if the thickness of the 1 st flattening layer 
10 is set to 5.0 micrometers or more, the homogeneity of thickness Is bad. and since it becomes easy to 
generate nonuniformity, it is not desirable. 

[0034] In addition, the rarefaction of positive type photosensitivity acrylic resin can be carried out to 
stability by keeping the temperature of positive type photosensitivity acrylic resin at 1 00 degrees C or 
less until the whole substrate surface or the process which exposes the whole effective pixel electrode 
field surface using ultraviolet rays at least is completed, after exposing and developing positive type 
photosensitivity acrylic resin. 

[0035] Moreover, before applying positive type photosensitivity acrylic resin (organic film) on the 2nd 
interlayer insulation film 8. the adhesion of the 2nd interlayer insulation film 8 and positive type 
photosensitivity acrylic resin (organic film) can be raised by applying hexamethyldisilazane to the front 
face of the 2nd interlayer insulation film 8. 

[0036] If a flattening layer is constituted from positive type photosensitivity acrylic resin, since a thin 
film can be formed like the gestalt of this operation using a spin coating method, the thin film of the 
thickness of several micrometers can be formed easily. And since exposure and alkali development can 
perform patterning, it is advantageous also in respect of productivity, that by which the positive type 
photosensitivity acrylic resin used here is colored before spreading — it is — after patterning — 
complete exposure processing — ****5M« — the rarefaction can be decolorized and carried out by 
things. It not only can perform such decolorization processing optically, but it can carry out chemically. 
[0037] Next, in the process G of drawing 4 , on the 1st flattening layer 10. the transparence electric 
conduction film is formed and the 1 st pixel electrode 1 2 is formed by sputtering. In the gestalt of this 
operation, ITO is used as an ingredient of the transparence electric conduction film. The interior of the 
2nd contact hole 9 is also filled up with ITO as an ingredient of the transparence electric conduction film, 
and the 1st pixel electrode 12 is electrically connected to drain field 3b of TFT2 through the barrier 
metal 14 and the connection electrode 16. 

[0038] In addition, if Ar reverse spatter processing by RF (RF) performs surface treatment of the 1st 
flattening layer 10 before forming the transparence electric conduction film and forming the 1st pixel 
electrode 12 by sputtering While the adhesion between the 1st pixel electrode 12 which consists of the 
1st flattening layer 10 and transparence electric conduction film formed on it can improve and being able 
to realize a more stable device to the processing in an assembly process, a yield also improves. 
[0039] Moreover, if positive type photosensitivity acrylic resin (organic film) is heated at 110 degrees C 
- 240 degrees C before performing Ar reverse spatter processing, positive type photosensitivity acrylic 
resin (organic film) can be stiffened by crosslinking reaction. Therefore, generating of exfoliation of the 
positive type photosensitivity acrylic resin (organic film) which can be set like a subsequent diffusion 
process and a subsequent erector can be prevented. Moreover, degradation of the positive type 
photosensitivity acrylic resin (organic film) by processes, such as formation of a pixel electrode, can also . 
be controlled. 

[0040] Next, in the process H of drawing 4 . the liquefied positive type photosensitivity acrylic resin 
which has predetermined viscosity on the 1 st pixel electrode 1 2 is applied with a spin coating method. 
Subsequently, positive type photosensitivity acrylic resin is exposed using i line stepper, is developed 
using the paddle developing-negatives method, and a garbage is removed. Thereby, the interior of the 
2nd contact hole 9 is filled up with positive type photosensitivity acrylic resin, subsequently, the whole 
substrate surface — or the whole effective pixel electrode field surface is exposed using ultraviolet rays 
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at least, and the rarefaction of the positive type photosensitivity acrylic resin is carried out. 
Subsequently, it heat-treats and positive type photosensitivity acrylic resin is stiffened. Thereby, the 
2nd flattening layer 1 1 is obtained. 

[0041] In addition, it is desirable to keep the temperature of positive type photosensitivity acrylic resin 
at 100 degrees C or less until the whole substrate surface or the process which exposes the whole 
effective pixel electrode field surface using ultraviolet rays at least is completed also in this case, after 
exposing and developing positive type photosensitivity acrylic resin. 

[0042] Moreover, also in this case, before applying positive type photosensitivity acrylic resin (organic 
film) on the 1st pixel electrode 12, It is desirable to apply hexamethyldisilazane to the front face of the 
1 St pixel electrode 1 2. 

[0043] Next, in the process I of drawing 5 . on the 2nd flattening layer 1 1 and the 1 st pixel electrode 1 2, 
the transparence electric conduction film is formed and the 2nd pixel electrode 13 is formed by 
sputtering. In the gestalt of this operation, ITO is used as an ingredient of the transparence electric 
conduction film. 

[0044] Next, in the process J of drawing 5 , patterning of the ITO which is the ingredient of the 1 st and 
2nd pixel electrodes 12 and 13 is carried out to a predetermined configuration, and it considers as a 
pixel electrode. 

[0045] By the way, when Ar reverse spatter processing by RF performs surface treatment of the 1 st 
flattening layer 10, or when forming the transparence electric conduction film and forming the 1st and 
2nd pixel electrodes 12 and 13 by sputtering, insulation may fall [ a flattening layer ] in response to a 
damage. 

[0046] For this reason, plasma etching using the oxygen plasma removes the 1st pixel inter-electrode 
flattening layer 10 by which patterning was carried out to the predetermined configuration in the 
process J of drawing 5 in the process K of drawing 5 at the last by the thickness of 5-100nm. The 
conditions of oxygen plasma etching in this case are 300W. SOOmTorr, 400sccm, and 50 degrees C. 
[0047] According to the above process, the active-matrix substrate with which flattening of the pixel 
electrode top was carried out completely is obtained. 

[0048] Hereafter, the improvement means of the numerical aperture in this invention is explained, 
referring to drawing 6 . Drawing 6 is the typical sectional view showing the black matrix structure in the 
gestalt of 1 operation of this invention. 

[0049] First, in order to make an understanding easy, the conventional black matrix structure is 
explained, referring to drawing 8 . As shown in drawing 8 , two or more pixel electrodes 52 by the 
predetermined array pitch are formed in the internal surface of the active-matrix substrate 51 in the 
shape of a matrix. Source wiring 53 is formed between the acUoining pixel electrodes 52, and the 
predetermined gap is prepared between the pixel electrode 52 and source wiring 53. Therefore, the 
dimension of the pixel electrode 52 is small compared with an array pitch. Moreover, on both sides of 
liquid crystal 54. the opposite substrate 55 is arranged in the opposite location of the active-matrix 
substrate 51. The counterelectrode 56 is formed in the internal surface of the opposite substrate 55. 
Furthermore, pattern formation of the black matrix 57 is carried out to the internal surface of the 
opposite substrate 55 so that it may have consistency between the pixel electrodes 52 which adjoin 
mutually. In order to secure the alignment margin of the active-matrix substrate 51 and the opposite 
substrate 55, the black matrix 57 was seen superficially, it has lapped with the edge of the pixel 
electrode 52, and the dimension of opening surrounded by the black matrix 57 is small compared with 
the dimension of the pixel electrode 52. The leakage of light is prevented by the black matrix 57 by the 
above configuration, and the improvement of contrast is achieved by it. However, compared with an 
array pitch, the dimension of the pixel electrode 52 is small, and the dimension of opening which 
specifies effective pixel area is still smaller so that I may be understood from drawing 8 . Therefore, the 
numerical aperture has stopped at the comparatively small value. 

[0050] On the other hand, in the black matrix structure of this invention shown in drawing 6 . the 
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flattening layer 68 is formed so that the surface irregularity of the active-matrix substrate 61 may be 
buried, and on it. the pixel electrode 62 is further formed by the predetermined array pitch at the shape 
of a matrix. Moreover, pattern formation of the source wiring 63 is carried out to the active-matrix 
substrate 61 so that it may have consistency with the boundary section of the pixel electrode 62 which 
adjoins mutually. Therefore, this source wiring 63 will function as a black matrix. Source wiring 63 was 
seen superficially and has lapped with the edge of the pixel electrode 62 crosswise [ wiring ] about 1 
micrometer. Therefore, the dimension of the pixel electrode 62 is short a little compared with the array 
pitch. On the other hand, since it is not necessary to form a black matrix in the opposite substrate 65 
arranged on both sides of liquid crystal 64 in the opposite location of the active-matrix substrate 61. the 
dimension of opening seen from the opposite substrate 65 side becomes what deducted the part which 
source wiring 63 overlapped from the pixel dimension, and becomes small a little compared with an array 
pitch. Therefore, compared with the conventional black matrix structure, the considerable extent 
improvement of the numerical aperture can be carried out. 

[0051] In addition, although source wiring 63 and a black matrix are made to serve a double purpose, it is 
not necessarily limited to this configuration and the film of the metal system for protection from light 
may be arranged on the 2nd interlayer insulation film here along with the boundary section of the pixel 
electrode 62 which adjoins mutually. However, about the part of TFT. the protection-from-light 
structure which used only source wiring 63 is not employable. Then, in the structure shown in drawing 1 , 
in order to coyer TFT2 alternatively, the protection-from-light layer 15 which consists of a silicide 
compound layer or a metal nitride layer is formed on the 2nd interlayer insulation film 8. 
[0052] Moreover, it sees superficially, and although the case where source wiring 63 has lapped 
crosswise [ of the pixel electrode 62 / the edge and crosswise / wiring ] is mentioned as an example 
and explained, if either is prepared the pixel electrode 62 and crosswise [ wiring ] in piles at least among 
gate wiring and source wiring, the same effectiveness will be acquired here. 
[0053] 

[Effect of the Invention] As explained above, according to this invention, flattening of the pixel electrode 
top can be carried out completely. Consequently, since the orientation of the liquid crystal on a pixel 
electrode is not in disorder with a level difference, liquid crystal can be controlled to stability and an 
image can be reproduced correctly. Moreover, since the orientation layer prepared so that a matrix-like 
pixel electrode may be covered is not influenced of the level difference section, it becomes possible to 
reduce a reverse tilt domain. Moreover, since the part which rose around the pixel electrode does not 
exist, it cannot be influenced of lateral electric field and ON/OFF control of liquid crystal can be carried 
out to stability. Furthermore, since a black matrix pattern can be formed in one on a active-matrix 
substrate using a flattening layer, while it becomes unnecessary to take the alignment error of 
lamination into consideration and being able to ease the alignment precision of the substrate of a 
vertical pair, the effective display of a pixel electrode can be expanded compared with the former, and 
an improvement of a numerical aperture can be aimed at. 



[Translation done.] 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 
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2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The outline sectional view showing the fundamental configuration of the active-matrix 
substrate in the gestalt of 1 operation of this invention 

[Drawing 2] The outline sectional view showing the fundamental configuration of the active matrix liquid 
crystal display in the gestalt of 1 operation of this invention 

[Drawing 3] Process drawing showing the manufacture approach of the active-matrix substrate in the 
gestalt of 1 operation of this invention 

[Drawing 4] Process drawing showing the manufacture approach of the active-matrix substrate in the 
gestalt of 1 operation of this invention 

[Drawing 5] Process drawing showing the manufacture approach of the active-matrix substrate in the 
gestalt of 1 operation of this invention 

[Drawing 6] The typical sectional view showing the black matrix structure in the gestalt of 1 operation of 
this invention 

[Drawing 7] The outline sectional view showing the general structure of the active matrix liquid crystal 
display in the conventional technique 

[Drawing 8] The typical sectional view showing the black matrix structure in the conventional technique 
[Description of Notations] 

1 Insulating Substrate 

2 Thin Film Transistor (TFT) 

3 Semi-conductor Thin Film 

4 Gate Wiring 

5 1 St Interlayer Insulation Film 

6 1 St Contact Hole 

7 Source Wiring 

8 2nd Interlayer Insulation Film 

9 2nd Contact Hole 

10 1st Flattening Layer 

1 1 2nd Flattening Layer 

12 1st Pixel Electrode 

13 2nd Pixel Electrode 

14 Barrier Metal 

1 5 Protection-from-Light Layer 

16 Connection Electrode 

1 7 Active-Matrix Substrate 
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^\z\t. H(iiew^)i7!)^#v^®^tt7i"j ;n»iiiA^e>^ct 

tt7^>j;H»lii«:Xtr>n-5^-f >;^&»rJ:^T^^U 

L, ^7tRy^7;W;*J'JS^tCJ;^T/-^^-::^>i*'bT. 

[0 0 10] Bt[fB*5§§^07i'T-'f >^-7h'Ji7X 

^©igi.i7i'X'f h u ^7 7>s^gftS*g«*l^^■r 
[0 0 1 1 ] Sfe, *^?gtC»^7i7x^':?'-7h'Ji/7. 

%mmv'yyv7.^<Dv-7.^mz^m.^n^v-7.w. 

-raxSt, MIBsi|l^b^>-:;7.i', adiEy-MEi^. 
WSBy-XgB^Rr/S9fBzi>3'i7 h<D±86JC, Xtf>Z] 

-7-^>^mz^-:>x^m.m^m^\.tzik. m^mm 
WfBfg 1 ©¥a^b)i ^nm $ -sxtiis a > ^ h tc^-r 

<bS±SI>'mFtBzi ^ H;J^-;H^{cm 1 ©il^affi^ 

^j^^-r^isi:, mitBm 1 ©ia^ttss©±tc. 7>tr 
>u-7-^ >ifmzi:-:>x^m.m^m^vitm. mum 
m.m^n^-~y^\^x^uuy9^ vts-)vn\z^2 

nmum 2 ®¥fi<bJia)±icm 2 <Dmmm.^m^m^-t 

■SlSt. «IIB^lSi;m2©li3illtfii)i<&m^<D}^<* 

- - > if LTil^«ffi$:}^fi£-r ^ Xg t ^fil Afc 

7v^^m.<Dmm.i5mz^n\t. mmm\zii-DX\3c^mmm- 
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«fc-5El«i]TfiSr85±T5)::t'bT#*. ^fc, V-7.IE 

[0 0 12] ^fc. Hdie^^BjroTi/T^^'i/ThU^T^ 
[0 0 13] HfIIB*l£Wro7i:7x^-/Vh 0^:7 7. 

7 i7 u Sr^Tt&t/^Ji^t- * ;i i »c J; T j^jsrK ^ n 

i^{b, ffi*{t;SI>M3X hO^£M$r02)^^*5Tt• 
B««ffi^ffilcS7t^fT5XiS^$ e.lC^iATI.i-5cD*t 

v^S!3ttt7i7ij;i.«)3i?rg^SU^31#b;'t^, WSe* 

e*^^7-r s -c, wiB#yS^?ttt7 ^ u ;u«iiroia 

1 0 O'CeATlCffitXDA^JfSLli. CCD»^Lli«»J 

7i7U;U«Si^&, ^OiSS*^*0. lA^e)0. 5mol% 
<Dxh7;*5^Jl'7>^-':'At h'D:^^-^--^ Ki^^SSlC 

j;-:3T/iH;i'^#-r'S>;iifcJ;0. HfitBm 1 Ry:^ 2 © 

tltf . ^Ttit 7 i7 U jU^flUc?:* bTmM©/1 ^7 - xctie 
oTgTt^&fxtv 7;l'*Utt<0^j«> •7^h7;>^5^JI^7> 
^:r:'i7Ak KP:t+-!t'f F («T TTMAHJ tBStBT 
-5. ) (cJ;oTS#m?i^fT^:ia:tCj;i3, ®^$nfc 
g|5^^*i7;U:^'Jtt«it»«ic<t^Tx->5">i/$n, =i> 
h7|N-;U4|*«}g)«Sn*. TMAH?g^»K 



(5) 

8 

(oWkm^Q. 5mo 1 %e;±T«.^«^(:«, 

*t2. 4mo 1 %i:!i5jSS©*i^tcH, S«<Z)5?+©gB 

^i-tr^^tt7i7ij;u^)!g©^K!g!)*iS$a:UTS0, a 

0. imo 1 %j^T®«^, ;SlfejK^£«i!lbT«*DjiL 
10 $^0. 1~0. 5mo 1 %lC^)timtfx ±fB©J:5^j: 
[0 0 14] ^fz. ntlfi^^m<DTi7y^^:f-^hV^7. 

[0 0 1 5 ] taiB*5g?^©7i'T-'f :/V h U 

;U V V 7 if > S:^*-r XS S e. Jcffli ;1T t i -5 

30 [0 0 1 6] HtlS3*f!l^(D7i7 7=-^:r-7hUi7X 

s^s«^SM(D®!jg*fe{ct5UT«, Hi[tB« 1 <Dmm 

<bScoaffitC*tLTRF (iSJ^iS) tCi^A riSex/l-v 
i5'Ma*ff 5Xg«:$?)»C«»itTVi?)<7)*t»*bt.n C 
©»$Li/^C«JtcJ:n«, ^1 W¥S<b«i:-?-cD±tIfi£^ 

-s. t^oT, ^>^^h-!i-^-)imzinf^mm^0i(Dm 

A rMT^/^y^'mm^n^mz. m^mmm^i i cc 
~2 4 o'c\ztm-t^xm^^ ^biz^^Ti^^omj^ 

Si$:{f{b$-fr'&:ii:**T^-5. fitoT, -?-C0^©ffit![X 

50 g&tjcjfla;xsii*5tt?)W«ie©*isi©§«^s:i*jt-rs 
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[0 0 17] ^fc, WfB*l8M©7:?7^>f :^vhiJi7 7. 

cDmffBH 1 cD¥S'fl:H$' 5~ 1 0 0 nmCDJ?*^i-fclt^ 

[0 0 18] ^tz. m^^mmT^y-^':f^h')^7. 

□>^'i7 SiO 
[0 0 191 

x^^\z-t€-f. ip.%m\t^m\z^-tm(D^\zm'&^n 

[0 0 2 0] m\\tif%mo:>-^m<Di^m\zi&n^7c 

fTFTj iBSIB-T'S. ) 2*^ -7 h "J i7 7>4^tCi2^JSn 

fe^siT^-n-en««wc}gjs$nTii4. t f t 2 « 

^mzn9-~y^^nfz^M^mm.z^n=i-m.m.i^\. 

«3 a i KU-1'>'Rii^3 b/6^|gtt^>nTti-2). 

3 C0)W^SKJ4^ U ->'J a >(c(E^^n^feCDT'«fj:< . * 

iliig^jili 3 <D±lCfS-Moy- h*eigili 4 a SriO- 



(6) 

10 

■C. y-hE^4 0-gl5<£«figb. *»^»^3t«i^i 

^fcae^^*^ ry-hm@j t.is.^. iimSsWi\<r>±.\z 

tt, TFT2$rtt[atfe4^l|T^l<DSfBliii6i^l^5*^}^ 

nrz1i=y7.i^<r>^m*f^ii^^ts.^, TFT2®v-7.|g« 

3 a{'«. ^l<D«rBl«6igi)15{CStt?>nfc^l<D:3> 

il«!fi^7-f >^<D«iSr«ifi!cUTt.i5. TF 

T 2© KU-r >ffi^3 b(i«, mi ®n>^^ 

©J:plC. ft^mei ^0-gB7i^V-7.EII7 i 
-7.ffi^7 ^:ra-CDl^#45rfflVintf, V-7,iE^7 tlWI 

-©:/p-t;^T'S^m^li 6 <£:jg5£-r^^:<i:*^-e#-s>cD 
^ittmai 6©^Bi5S:v-;^iBiS7 ti^uetriait 

20 ^i5{cUTt)J;l.^. 

[0 0 2 2] ^l©BrBl«ei»IK5(D±(C«, V-J^ifiH 

7 *«a-r s * 5 2 ©uraiffiigkiii s d^fiKi^s nx 

1 6±<Dm2<Z)HrBl*6»K8(Ct4. m2<D3>i7i/ hJf; 

*fc, WS i «m2®SWi^^^8©±{rTFT 2(Diii 
30 4 , ji^S 1 5 0!)«*Sf t LTtti^;^f L t)W S i ^© -> 'J 

^-i v\^^mzm'&^n^%<r>-Q\t.u<. 

[0 0 2 3] ■^^\Z. ^2©»W«6SK8a)±tCH*« 
l®¥S<b«l 0{C«m2©3>37/7 h:^^-;^9*^K^t 

icDHiRfiffii 2<t^2©ia*mffii 3*v-?^-->i^ 

;H 4 <hi*lgg«ffil 6 ^^LTTFT2©HW-f >ffi« 

40 3 btcm^wtcSE^^nxii*. mi©ia^«s 

1 2i:^20il^«8il 3i:©W®^2©n>^i7 Hj^ 

-;i/9 i^jc«*«ii^^iWA^^7:£^m2©¥S{bJi 1 1 

^ffiLTt^^, miS0^^2©¥S{b«l 0, 11©* 

J!i?&*lf'5Ci:*«X€?«)*^ *lli6©JI?iitC*5UT«, 
RlT^©3iatt$r#L-IHli!a«:«feS©(c:$Tjgfj:7^ ij;U»Bi 
^rfflliTl'i^. V h 'J ^X^^tcSe^J^nfcM'!?©^ 1 © 

H^sffi 1 2 m 2 om^^^mm s 1 ©¥ffi<b« 

50 j£:-rSTFT 2©h*U'f >m«3 bJC«MW»I«5lg^$n 
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[0 0 2 4] 02tC^f<tp(C, 7i7 7^-c:/x'hiJ^7. 

s^s«*^«fifcsnTVi^. ?KS2 2©gHI6]$lJ^as«, - 

ftL/itsfcJi), *gS2 2«Ml^i]mffi2 3 ill2 0B*« 

SI 3 <i:©ratCfPffl-r§Slt:&(p]©«^ttJ:-3T|gl!i$iJ 

Fol^ 1 7i -3 T life 'J A'-7.5^;U K H ;^ -I" > J: -S^^S 

fl[©^^^l:<£=ff5a^::es:#•r•^);li:75^T#«.. %tz. m^\z 
<t^^^mzmmt^z.iiifi-v^^, b*»L. tft 

2gB5i-tct?(.iT«c:<DjS3t«l3i*«gffi-r-S) :i t«T 

lie ^CT, TFT 2gi5^>S:SS?W(C3g^-r*;tS!)tC- 

CO 0 2 6] :;^ctc, 01 ic^f 7:^7^-^ ::^vh'j;;7 7.a 

(0 0 2 7] if, 0 3©IigAJ::^l/>T, 

^*^^^t'5i^SiaSi««fflir, iafficvD (LPCV 

D) m\ZXpX7=iz)V:>7 7.iy^)-3>^^m-t^, i*:!'^ 
7^:;l'7r7>v'Ja>*@ffiEEfi$-BrT;'cfeg{t; 

#'j->'J=i>*^^nt'5¥^<*»K3*5»e.n^. 

U -> 'J 3 >f)^^ti^^'^WmB. 3 oaffiSr.^S 
(JJOI^SS : 1 1 0 0"C, iBmnfSi : 2 S^J-) . 

iS^) 4a*^*t#e.n^, i^. nmz. 7j^u->'j3>A^e. 

3 ^ A^' - - > ^ LT«J#§*^ J^fiKT 
[0 0 2 8] HkIZ. 0 3©IgBtC*3l.iT> hK^C 



(7) 

J2 

cinicio. y-hffii^4t«jt^»iSi^4b*^'# 
^>n-&. N5^-\' >^;usotft 2 tt, ldd 

(lightly doped drain) WfittTSfefelC, ■t;i/77 

U=3>*^?)-^?>¥»<*:»^3tc: K-X»i X 1 0 13/ c 
m2 nm^-ty^HXiy. S61c:LDD®«$:V7«+> 
i^LT, i^3fflfS!lK3JCH-X«4x i 0l5/cm2 © 
P-f^^SraAU, *5»f*SI^3l^tCV-X<S«3 at 

10 [0 0 2 9] a±OlS{C<t»3, .i^i»a«l±lC«fc© 
N5^-\' ^;WS©T F T 2 h U 
f^. P5"^:?^;U^cDTFT$Jg(rK-r-5S-&fC«, 7}^P> 

[0 0 3 0] iXtC. 0 3CDISClC*5l,iT, i^igtSS 1 
«FB^«ei^R5^SEECVD (APCVD) fe(Cj;-DT*t 
20 \Z^-oX7)V=.ZL^h, (Al) Sr±®WlC^^-r^. ^ 

L-T. ^n^m^(r>mmzn^——>if\^x. tft2 
3 a tcm^WJrgEigi^n* v-xEH 7 tc 

5. V-7.E«l7«y-hiBiil4a:5l/Mc3gil 

[0 0 3 1] ^icfc. 03®ieDtCfel>T, ^ICDBM 

«eiftM5w±ic. :/^X-7CVDffi{cJ;-DT->'Jn>K 
'fklK?&ltWbT^2®BW*6i&l«8S:J^fiJtU, 7;W5:z 
>j7A (A 1) d^e,JS:-5V-7.IB^7 ^^^lC«^a-r-&. 

30 $ e i:> 1 6 ±.(r>^ 2 (osrai^i^i^ 8 irfg 2 

[0 0 3 2]i>:{C, E3roXgEtC*3UT. 7./Vy^iJ 

^^'^(Dmmzni'-^y^vx. mkw&i 6tc**-r 

■5A'J7pl^;H 4i:TFT2tC5(fr-5)g5t)gl b^m 
[0 0 3 3]J>:tC, 0 4®XSFfC*t,»T, ll2<D)irB'! 

iimm8(D±.\z. m«ro*!;i4 : 3 0 c p) ^mr 

cDaS*¥S^b-r-5. d?i?S«3ttt7i7iJ;|,«f 

0. 5mo 1 %©T-h7^5^>'l'7>^-'^i:vt Kn:f^^ 

^2CD3>3'i7 h7h-;U9SrJ^fiE-r?). C<D||2©a> 
hJ}^-;U9©JS»Jr{a, TFT20KU'f >®«3 

so Jnllft5aS«riteLTd^i;S^3ttt7i7ij;i.«fJii^® 
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i7'j->:t-y>:&^©«^, l)n,^©a«2 2 0 
■c, iPi^^ratie 0 5i-Tfe^= iindiD, mico^ps 
^bli 0 7!»^#e>nf). ^i©^ps<bHi 0 coif $ til. 

0 iiim£t±T*5©*ta* ^ 1 0¥S<b® 1 0 © 

[0 0 3 4] 1^. :!fii^mm^^7 'J Jimm^myt • m. 

to 0 3 5] ^ft, m2<Dmmmmm8(D±\z^ipmm 

[0 0 3 6] :^mm(omm(D^oiz. w-mitm^^^i^m 
m^^7i7>))vmm-cm^-t^^^izrtnt. 7.\f:yzi 

bA^*), m'±'BLnT)\'ti^)m.mz^-:>xn^-- 

[0 0 3 7] -A\Z. 04<7)lSGlC*5t,iT, H 1 <D¥S 
2ttA*U7^3';H Atmmmmi 6 t&:frLTTFT 

[0 0 3 8] i^, :^/-<i-y^v>'^\z^-oxmmmmm^ 
fSimLxf^KDmmmmi 2^mmr^mz. rf m 
mm) \z^i>Arm:^^'^yi'9!^M\z^^xmi<DW-m<t 
m 1 0 ©«ffi«is*ff A tf, ^ 1 <ow-m<tm 1 0 1^-® 



(8) 

J4 

±.\z^m^n^mmmnmA^^ti^mi<Dmmnmi 2 

<l:C0K<DS^«tt*^|S]±L. miL-/a±7.'P(0ii!imiz1iiV 
[0 0 3 9] Ar JJ^ 

'ymm^ii7i7 ^))mm ^mmm) 4 1 1 o'c~2 4 0 
10 i;^)}imm (*tsiK) oiijii«)56^^isSifr-5c:t*^T 

[0 0 4 0] 04(DXSH(Ci31,iT> f^KDwm 

-5. ;*:liT, JJ^v'M^7ttt7i7U;U^flg<S:, i 

20 -)i9(Dff^mz^^'ymm^ii7i'^j)immf)^^m-^n 

^^7i7^)jimm^mt^-&^, jinicio. m2®5p 
s-fbsi i*^#^>n-5. 

[0 0 4 1] c:cD«^»c%), #v'S®Jttt7^u;u 

mmmmmi^±m'S:m^m'S:m^^xm^-r^i:mf}^%T 
-r^^T> ^s-ymm^^7^u)mm(Dus.^i o ox: 

[0 0 4 2] Z<Dm^\Zh. ^ 1 <Diii*€S 1 2 

<7)±{C#i?^is7t147i7'j;U«lli €r^*-r^ 
mUZ. ^KDH^mffil 2(DS®{C'\^-9-^5^;Uv''>7 

[0 0 4 3] ;^:tC. 0 5<DXS I tCfel^T, m2(DW-m 

i^H«fcoTS?^««ll^fiEIKbTSg2 0S^mffil 3S: 

<h LT I TOTi^ffllietXTl^^. 
40 [0 0 4 4] 0 5OX:S J {iJot^T. ^iStJ^lg 

2©iii3Smffil2, 1 3©*f!|^T*S I TO«rm*©Jg 

[0 0 4 5] R F(CJ;.&A r^^XM-yrJ^Saa 

ICjz-^T^l ©¥S{bHl OcDSffl^aa^fr^:!^^, 

7.ny^^) ytf\zii^^xmmnm^^^\^x% i 

m2©@i3il«@l 2« 1 3 5Pffi<bB 
[0 0 4 6] Z.(Dtz^. W^\Z. 05®XgKtr*3li 

50 i\-kMnmmsi<D% \ o^s^b^ i o Kisy^xv 
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Srffltifc7'7Xvx-;/^>y(I<fc-:3T5~l 0 0 nm© 

^<r>^mt. 3 0 OW, SOOmTorr, 4 0 0 sc 

cm, SOrT'S)^. 

[0 0 4 7] Ui±®ISlrJ:D, H*ttS±*^^^tc¥ 

s^t $ nfc 7 X y -7 h u i7 X e> n s . 

[0 0 4 8] J^T, *^Wl::^itSMa^©ek«^SJc 

[0 0 4 9) Si*, a<S5§^lc-r«):'S:*fr, tJE*©":/ 

7 >y v h U ^ 7,;^iilc-:3tiT, 0 8 <&#Bgb;^ct75^ ?>|je 

2FBl{C(±V-XBa«l 5 3 75^*J^fig$nT*3 0. Si^« 
t*£oT, H*«e5 2<D^fe«lfi^Jt;y^»C 

icpsr «)H5!S«S 5 2 K icfi^T J: i7 V 

h'Ji7 7.atS5 1 <i:*H^i]»«5 5 iWT^'f ^>h-7- 

e<Hrl,Tiii*m®5 2CDlSgBi:a?'ioTi3 0, zf^ v i; 
■7 h U ^7 7, 5 7 J:oTH^n;fcFjgoHI5©Tt-ft«il^m 
ffi5 2CD^ffi{lJt^/hS<7ioTt>^. Jet±©<i)5£Jr<t 
•3, -l/^-y^-^hU^XS 7»cJ:oT3t©jin*«E&lI:S 
n, =i>h57. h©5Sc»*^0 5>nTt>-5. b*^L. 08 

[0 0 5 0] ;in{c^L, 0 6 ic^-r*^?^co:/^-yi7 

•V^Til^«ffi6 2*tJgJ5K$nTVi^. "^tc. y^=T4 
2<iDi^lSlg|5tS^-r-5J;5JCV-7.iEiS6 3*V1^-> 

j^fig^nrii^c tifoT, ;i(Dy-7.E«i6 3*t:/5-y 
3«, ¥®«{:^T, BSimae 2(Djsgpt 1 /imgg 



(9) 

[0 0 5 1] i^s. ;ic:t-«, v-xgfilie 3 t:?'^-;/^ 

6 2cDi^#Bi5tC«oT^2©Sra«gitt^±»CJi7tfflCD^ 
liT«, 3;/5:lt*ffll>fejS5ie«|jS«:«ffl-r 
\t. TFT2^SS?WtCigK-r-5fci6lC. ^2©SFBlif6 

8 <D±{C-> 'J ■y-'f h*{t^#iMxa^«s^t;<^s*^ 

[0 0 5 2] ^^c. d^lTtt. spgWtC^T. 
He 3 75iia«m®6 2<7)SSgBtEi^i|i:&|p]{cm;j£-:5Tl.i 

[0 0 5 3] 

oeic» ^ 0 ^ t *^T# -5 . 
40 [0ffloffim;a:IJil^] 

[01] 2(!:58l^«)-|l«S©}^!ltI*tt-57;'X'f:/^h 

[0 2] *^gg©-^Jf6cD}^^{343(t -57^77"^ h 
[0 3] ^fllBOD-^ifiCDJ^SUCiJttSTi^x^:/^^ 

[04] :$-^m(o-mm(Dmm\z^»i>7i7y'^zf-7h 

[0 5] i?-?t^<o~mm<omm\z^n^7i77-^zr-^v 
50 «j ^ xa«©iSig*ttS:*-rxes 
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1 m».mk 

2 »fgh^>v7.^' (TFT) 

3 

4 y-hSiS 

5 ^KDSr^lilgig^m 

[01] 



7 15 9 11 14 16 




6 3a 4 2 4a 3b 3 

[04] 




2 3b 16 



(H) 

12 9 11 



18 

7 V-7>E*I 

8 %2(r>m^mm 

10 mi (D^m.\^m 

11 m2©¥a^bi 

12 mi (omnnm. 

13 m2<7)iStl«:g 

14 ;\'U7pi^;i/ 

1 5 m%m 

1 6 mtm.^ 

17 Ti'X'f :/-7hUi7XS« 



[02] 




[0 5] 



{ I ) 

11 13 




(K) 
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(12) 



F5'-A(##) 2H092 GA29 HA27 IA24 JA37 JA41 

JA46 JB58 MA05 MA07 MA08 

MA09 MAIO MA12 Ml? MA29 

NA04 NA07 NA18 NA19 NA25 
NA27 NA29 

5C094 AA03 AA05 AAIO AA36 AA43 

AA55 BA03 BA43 CA19 DA13 

DB04 EA04 EA05 EB02 ED14 

ED20 FAOl FA02 FBOl FB02 

FB12 FB15 GBIO JAOl JA08 
JA20 



